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INNOVATIONS IN PRACTICE
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Most pulmonary rehabilitation (PR) programs have had to adapt due to the COVID-19 pandemic and associated restrictions. Current alternative home-
based programs have limitations and require modification. In this paper, we outline a novel method to monitor home-based PR programs, which has the 
potential to improve PR safety and efficacy. This new method is based on a remote patient monitoring (RPM) system with connected smart devices that 
enables the Respiratory Therapist (RT) to have real-time access to patient data including heart rate and peripheral oxygen saturation during exercise. The 
RPM system also monitors daily physical activity, sedentary time, sleep quality, rescue inhaler use, and maintenance inhaler adherence, among other 
variables, which has the added advantage of predicting patterns consistent with symptoms that may require medical intervention. To increase privacy, data 
are anonymized at all levels and only the RT has access to patient information. RPM systems have the potential to give practitioners a holistic view of the 
participants’ health status to better evaluate them during the entire PR program and to improve self-management. As this is not a formal research study, 
we cannot make definitive conclusions about the efficacy of the system, and further research is needed to examine safety and to compare our approach to 
other ways of conducting PR.
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INTRODUCTION 
Pulmonary rehabilitation (PR) is an essential part of the health manage-
ment of people living with chronic respiratory conditions [1–3]. It is one 
of the most effective nonpharmacological approaches to help people 
maintain and maximize their level of independence and function, 
reduce dyspnea, improve exercise tolerance, promote a sense of well-be-
ing, decrease the number of hospitalizations [4], and reduce the use of 
excessive health care resources [5]. 

The COVID-19 pandemic has presented major challenges in how 
clinicians deliver care to their patients. Some PR programs around the 
world have been temporarily canceled due to infection control policies 
and physical distancing requirements, and for the immediate future, PR 
is unlikely to be delivered in its traditional face-to-face setting. Therefore, 
behavior change and self-management training should target a frame-
work of adaptation.

There are some alternatives to outpatient in-person PR programs, 
such as telephone-based, home-based rehabilitation models [6–9], 
and video-based exercising models [7, 10]. Some of the consider-
ations for delivering virtual PR programs are the challenges associ-
ated with assessing exercise capacity, monitoring physiological and 
symptomatic responses to exercise, and patient safety [11]. The 
Canadian Thoracic Society has recently published guidance for 
resumption of PR programs during COVID-19 and introduced a 
number of alternatives to in-person PR [11]. These alternatives pro-
vide some ability to monitor a patient’s response to exercise by using 
the modified Borg scale and to track exercise performance by the 
1-min sit-to-stand test. However, the Borg scale is subjective and 

results of the sit-to-stand test cannot easily be used to prescribe exer-
cise; therefore, some modifications are needed to deliver safe and 
effective virtual PR [11]. 

Vancouver Coastal Health developed a clinical protocol for vir-
tual PR programs using Zoom video-conferencing for exercise train-
ing and education. The PR Team at Vancouver General Hospital 
(VGH) has refined the video-based exercise program by adding 
remote monitoring smart devices (Agartee Technology Inc. 
Vancouver, BC, Canada), to address some of the limitations in deliv-
ering virtual PR. This new real-time monitoring system was chosen 
because it can automatically collect sleep data (e.g., total sleep 
hours, number of awakenings, sleep efficiency) [12], physical activity 
(e.g., number of steps, walking duration, sedentary time), vital signs 
(e.g., peripheral oxygen saturation (SpO2), heart rate (HR)), mainte-
nance medication adherence, and rescue inhaler usage (e.g., number 
of puffs in each use, number of times used and duration of pressing 
to assess inhaler technique) without the need for manual data entry. 
Also, the method can be seamlessly integrated into virtual PR pro-
grams and it is easy to use for seniors at home. It enables the 
Respiratory Therapist (RT) to have access to health data of the par-
ticipants over long periods of time, along with access to real-time 
data of their HR and SpO2 during the exercise sessions. 

METHODS
Three PR programs at VGH have been using the remote patient 
monitoring (RPM) system to deliver PR. Each PR program had 4 
participants (33% males for all three programs). The age ranges were 
from 58 to 80 years with a median interquartile range (IQR) of 71 (15) 
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years. Some patients had moderate-to-severe COPD (FEV1/FVC 
ranged from 0.27 to 0.79 with a median (IQR) of 0.66 (0.29)). 

Participants were included if they were fluent in English and had a 
referral from their physician along with clearance to participate in exer-
cise. There was no need to have a background in using technological 
devices although each individual was required to have a laptop, PC, or 
tablet at home to use for the Zoom meetings. Zoom sessions were not 
recorded for privacy reasons and the RPM data were encrypted at all 
levels with data retained in Canada. Participant information was ano-
nymized by a random six-digit identifier, and only the RT could access 
the patient information. 

After obtaining consent, all participants were mailed the RPM 
devices prior to commencing their PR program. The participants were 
successfully able to follow the simple instructions to set up the devices 
and did not require any technical support. 

Below are strategies that were used during the program and some of 
the benefits that have been observed.

EQUIPMENT FROM THE SERVICE PROVIDER

1)	 All of the participants received a package of connected monitoring 
devices as shown in Table 1. All devices were preconfigured and 
there was no need for recharging or set-up. A weight scale and ther-
mometer were also included to get a more complete assessment of 
the participant. 

2)	 The RT had access to a web-dashboard to monitor real-time HR and 
SpO2 during the exercise sessions and to monitor the historical data 
outside of the class. Table 2 shows the health metrics that can be 
collected in real-time during the whole program.

3)	 Optional: Participants were given access to their health data with a 
simple to use mobile app. These data can motivate them to maintain 
or improve their activity level, work on their sleep quality (e.g., have 
fewer awakenings at night and improve sleep efficiency), and use it 
as a medication usage reminder to improve adherence.

PROGRAM SCHEDULE
The program consists of 8 weeks. On weeks 1–7, the educational and 
exercise sessions start. The participants continuously use the monitoring 

devices and the system collects their baseline sleep, activity, and vital 
signs after a few days. During the exercise sessions, the RT can monitor 
changes in HR and SpO2 remotely (see Exercise session section). On the 
last week of the program, the individuals’ post-assessment starts. The 
historical data gathered during weeks 1–8 of the program are helpful to 
evaluate the improvement in activity and vital sign data. 

PROGRAM SESSIONS

Education session
Each session contains a 1-h education session over Zoom. On average, 
each participant only missed 1.3 out of 21 sessions. The education ses-
sions are presented by a multidisciplinary team including RTs/Certified 
Respiratory Educators, a Physiotherapist, an Occupational Therapist, a 
Registered Dietician, and a Psychologist. Topic areas are selected to pro-
vide a foundation for continued self-management including lung anat-
omy, physiology, pathophysiology, controlled breathing techniques, 
mucus clearance techniques, lung trigger avoidance, respiratory diagnos-
tic tests, respiratory medications, home oxygen, nutrition, energy conser-
vation, lung attacks, and action plans [13].

Exercise session
To ensure the safety of exercise sessions, participants receive a safety 
checklist via email prior to their initial assessment. The participants sign 
a waiver that they can comply with the safety checklist recommendations 
for pre-exercise, during exercise, and post-exercise. The safety checklist 
requirements are reverbalized prior to starting each exercise session. For 
example, if the participants are alone at home at the time of exercise, 
they are asked to unlock their front door as an extra safety precaution. 
All participants give their emergency contact and building manager 
information to the PR program before enrollment so that in rare cases of 
emergency facilitators could call 911 for help.

The exercise session is 1 h in length and uses a modified circuit train-
ing model incorporating both arm and leg strengthening exercises with 
aerobic minutes interspersed between sets. The sets, repetitions, and aer-
obic minutes for each participant increases over the 8 weeks of the pro-
gram. During the exercise session, the RT oversees the participants on 
Zoom and, at the same time, can monitor the HR and SpO2 through a 
live dashboard in real-time. The participants were given education on 

TABLE 1
The list of devices included in the package, their purpose, and the way to use them

Device 
name

Image What does it do? When to use?

Modem
Receives and transmits the data in

real-
me to the care team Always plug-in at home

Wristband
Collects physical ac
vity pa�erns
and sleep quality [12] Always wear on the wrist

Pulse 
Oximeter

Tracks HR and oxygen satura
on
Use at least once a day, or when feeling
severe or abnormal respiratory symptoms,
and during the exercise sessions  

Add-on 
Medica
on 

tracker

Tracks the 
me and dura
on of
inhaled medica
on  

Put the sensor on inhaled medica
on
and use it as usual

Weight scale Tracks weight fluctua
ons Use at least once a day

Thermometer Tracks body temperature and fever Use at least once a day
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how to use a pulse oximeter to obtain a valid reading and thus were 
advised to be stationary for a brief period before each reading to ensure 
stability in the HR and SpO2 signal.

Figure 1 shows an example of the live dashboard, where the visualiza-
tion of the data can enable the RT to monitor the exercise response of all 
the participants simultaneously and in real-time. 

Each exercise session starts with SpO2 and HR monitoring of the 
participants to get their resting baseline (first point in Figure 1). The RT 
then goes through the routine of aerobic and strengthening exercises. 
After the third or fourth aerobic minute, vital sign monitoring is done to 
ensure the participants have reached the desired HR and to identify if 
their SpO2 level is appropriate (second point in Figure 1). The target HR 
is 60%–80% of the maximum HR based on their age [14]. The session 
ends with 5 min of cool-down stretches, followed by another SpO2 and 
HR measurement to make sure the HR is back to normal and that the 
client is not in an episode of desaturation before logging off the virtual 
exercise session (third point in Figure 1). The sampling frequency for 
both HR and SpO2 is 60 Hz, and each data point is the average of 10 
samples. The average is taken after ensuring that the data are stable. The 
only other parameter that is used for monitoring during the exercise 
session is the modified 0–10 BORG scale to assess the intensity of dys-
pnea. The objective physiological endpoints of the exercise program 
using the live dashboard data are as follows: HR > 130 beats per minute 
(or 80% max predicted HR) and/or SpO2 <90%. Symptomatic end-
points include: BORG sustained >5 (signifying severe dyspnea), fatigue, 
leg pain, dizziness, or chest pain resembling angina. 

DISCUSSION 
Current methods to conduct virtual PR programs have some limitations 
compared with traditional in-person programs [10]. For example, moni-
toring the exercise responses depends on having access to pulse oxime-
ters for self-monitoring or just relying on the BORG scale [11]. Also, the 
6-minute walk test (6 MWT) and Incremental Shuttle Walk Test to assess 

exercise capacity cannot be administered at home according to recog-
nized standards in most home environments [15].

The goal of the modified PR program is to address some of these 
limitations by:

1.	 Providing connected pulse oximeters to the participants so that the 
RT can monitor real-time SpO2 and HR during the exercise ses-
sions. These data ensure that participants are safely exercising at the 
appropriate intensities. It also provides direct readings from the 
oximeter without having to rely on participant interpretation of 
values.

2.	 Giving access to complimentary sleep, physical activity, and vital 
sign data outside of the program, which helps the RT monitor prog-
ress and provides feedback to maximize adherence. Examples of 
sleep and activity data that the RT has access to include total sleep 
hours, number of awakenings per night, and sleep efficiency (the 
total sleep time over the time spent in bed at night), number of 
steps, duration of walking, and sedentary time per day.

3.	 Identifying the most at-risk participants using artificial intelligence 
algorithms. The RPM system notifies the RT on the web-dashboard 
if there is a high probability of an acute exacerbation or if the 
patient is experiencing increased dyspnea during their activities of 
daily living. This has been done by comparing the participants’ data 
with their baseline and finding if there is a major change in sleep 
quality (e.g., when the time to go to bed or get up in the morning 
changes from the average, when the number of awakenings increases 
from baseline or when there is a reduction in average total sleep for 
consecutive nights), physical activity (e.g., when there is a reduction 
in average activity for consecutive days), sedentary time (e.g., when 
sedentary time increases from average on consecutive days) and 
SpO2 level, and/or the number of inhaled medication doses (e.g., 
when rescue inhaler usage increases or when the number of puffs 
per day of rescue inhaler usage at night increases). The RT can check 
the detailed behavioral, vital sign, and medication usage data and 

TABLE 2
List of the metrics and their trends the RT can access by the web-dashboard (both real-time and the historical trends)

Metrics What is included in the report?

Probability of exacerba�on/
Shortness of Breath (SOB)

Increased probability of exacerba�on/SOB (See discussion)

Medica�on Adherence
Adherence to inhaled medica�on usage 

Number of puffs and usage dura�on of inhaled medica�on

Ac�vity

Number of steps per day

Distance walked per minute

Sedentary �me per day

Sleep

Vital signs

Dura�on of sleep per night

Number of awakenings per night 

Major sleep interrup�ons per night (being awake more than 30 min)

Major sleep shi� (changes in sleep/awake �me and dura�on of sleep) 

Sleep efficiency (Number of hours being sleep over number of hours
laying down, in percentage) 

HR (bpm), SpO2 (%), perfusion Index (PI%), body temperature (C),
and weight (lb, kg)
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interview the participant to either promote behavior change, acti-
vate respiratory action plans, provide instructions on the best ways 
to use or access medication, and encourage follow-up with physi-
cians if needed. The participant and the RT can continue to fol-
low-up regarding the shared plan and can continue to monitor the 
data to track improvements. 

Figure 2 shows a comparison of sleep/activity and medication usage data 
from: (a) a relatively healthy and stable participant with chronic obstruc-
tive pulmonary disease (COPD), (b) a participant with COPD that 
showed early signs of an exacerbation. 

It is clear that the first participant has an active lifestyle with more than 
2000 step counts per day, a regular sleep routine, and consistently uses 
maintenance medications. The second participant has an irregular sleep 
pattern, with some major sleep interruptions. The participant also used 
the reliever inhaler several times during the night. The implementation of 
this innovation can help the RT have a timely follow-up with identified 
at-risk participants (similar to the second participant in Figure 2), use 
focused questions to determine if the participant is experiencing signs and 
symptoms of an exacerbation, coach participants to use self-management 
skills to recognize these changes in symptoms, and to better utilize their 
action plans, which will include when to seek assessment from a general 
practitioner/specialist if required or when to go seek emergent care.

Some of the benefits of the system reported by the clinicians are 
summarized below:

1)	 Having access to live HR and SpO2 during the exercise sessions:

•	ensures safety and that target HR (60%–80% of max. HR for age) 
is being met during exercise

•	ensures resting HR and SpO2 are at safe levels at the start and end 
of the exercise

•	helps clients to correlate BORG dyspnea ratings to SpO2 and HR
•	enables the RT to virtually troubleshoot specific symptoms (e.g., 

dizziness)
•	benefits the clients who cannot afford a personal oximeter 
•	increases confidence in the accuracy of values 

2)	 Having access to the number of nighttime awakenings:

•	correlates with client symptoms and determine whether they are in 
a potential flare-up and helps to take further action

•	helps to pursue further follow-up from a physician if the client has 
sleep disturbances at initial assessment or scores poorly on the 
Epworth Sleepiness Scale

3)	 Having access to activity data:

•	helps the RT to see the progression of exercise over time
•	motivates clients to track their own activity levels and create goals 

using the optional mobile app
•	decreased step count may correlate with respiratory worsening or 

flare ups of other conditions requiring assessment (i.e. arthritis)
•	helps to start conversations on barriers to physical activity

4)	 Having access to inhaled medication tracker usage data:

•	corroborates self-reported adherence to actual inhaler usage
•	helps to start a conversation around adherence once a trend is noted
•	helps to monitor PRN as needed use of reliever inhalers to assess 

whether worsening is experienced

5)	 Having access to weight and temperature data:

•	monitors real-time weight at the beginning and end of the program
•	visualizes weight trends over time if losing/gaining weight is a goal
•	monitors fever which is especially useful during the COVID-19 

pandemic to detect early symptoms

All participants completed the program successfully. Based on the feed-
back forms from two programs (n = 8), all participants appreciated the 

opportunity to attend the PR program during the pandemic. One of the 
participants preferred to have in-person PR if possible, and two of them 
said they would not have been able to attend the program if it was not 
performed virtually because of challenges with transportation. There are 
no data on the social interactions of the participants; however, some of 
them showed interest in continuing their communication with other 
participants even after the program.

There are some limitations to conducting virtual PR programs in 
general, and adding the RPM can minimize these limitations. For exam-
ple safety of the participants during exercise can be improved by adding 
an objective measure to monitor physiological responses to exercises. 
Privacy issues regarding RPM data were minimized by anonymizing the 
data and keeping the data sets in Canada. Another potential limitation 
to virtual PR is that participants should have WI-FI connectivity for 
Zoom meetings. The RPM technology used with our participants works 
with long-term evolution (LTE) and does not need WI-FI; however, LTE 
connectivity can still have some issues, particularly in remote areas, 
which may result in some delays to see the data. Although some social 
aspects of in-person PR are missing, conducting virtual PR in the time of 
a pandemic allows some interactions in the current environment. 

In the future, it is possible to expand the application of this innova-
tion and study its effects. Below are some suggestions: 

1)	 Using RPM for 6 MWT: The wristband provided in the package can 
measure the distance that the participant walks per minute and 
therefore could potentially be used for the 6 MWT before and after 
the program if they are unable to perform the test in a more con-
trolled clinical environment. 

2)	 Using RPM in maintenance pulmonary rehabilitation programs: 
Maintenance programs have been defined as ongoing supervised 
exercise at a lower frequency per week than the initial pulmonary 
rehabilitation program [16]. Having access to historical data can sig-
nificantly help the RT to evaluate the progress of the maintenance 
programs, ensure the participants either maintain or progress their 
activity levels, and follow-up with them if major changes in their 
behavior or vital signs occur. 

CONCLUSION 
Due to the COVID-19 pandemic and associated restrictions, many 
in-person PR programs have been canceled. Alternative home-based pro-
grams (e.g., video conferencing) need major modifications to improve 
safety and efficiency. The PR team at VGH has refined home-based PR 
programs by adding a RPM system to video-conferencing. This new 
method uses connected smart devices that enable RTs to have real-time 
access to participants’ health data. The method is user friendly for 
seniors and can be seamlessly integrated into home-based virtual PR 
programs.

Implementation of this innovation has helped the RTs safely con-
duct the PR exercise sessions at home. The historical data of sleep, activ-
ity, vital signs and inhaled medication usage gathered during the program 
has also enabled the RTs to better monitor the participant’s progress 
during the program and has helped them to intervene faster when the 
participants have experienced early signs of an exacerbation. Future 
work is needed to use RPM systems in randomized controlled trials of 
home-based PR to determine if they contribute to improved clinical 
outcomes.
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